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(57) ABSTRACT

A method for regulating the structure and properties of the
composite nanoabsorbent is provided. This method uses nan-
oporous  chloromethylated  polystyrene-divinylbenzene
beads as the support material and adopts in situ precipitation
method to load dissociative functional nanoparticles thereon;
the composite nanoabsorbent of different absorption capacity
and absorption speed can be prepared through regulating the
pore structure, which is realized herein by means of starting
crosslinking reactions through heating chloromethylated
beads under existence of the swelling agent and the catalyst;
through changing the proportions of different components in
the reaction system, modes of heating and time of reaction,
the polymer support with different pore structures can be
prepared. This invention can successfully regulate the distri-
bution and size of inorganic nanoparticles; the composite
nanomaterials prepared by the resin of different degrees of
crosslinking present different structures and properties, and
the specific structure and properties can be selected in order to
meet practical requirements.

18 Claims, No Drawings
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1
METHOD FOR REGULATING THE
STRUCTURE AND PROPERTIES OF THE
COMPOSITE NANOABSORBENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage Entry of PCT/
(CN2011/081818 filed on Nov. 4, 2011, which claims the
benefit and priority of Chinese Patent Application No.
201102038122, filed on Jul. 21, 2011, the content of which
are each incorporated herein by reference.

FIELD OF TECHNOLOGY

This invention relates to a method for regulating the struc-
ture and properties of the composite nanoabsorbent, more
specifically to a method for regulating the composite absor-
bent prepared by loading inorganic nanoparticles on the nan-
oporous polystyrene beads; with the method disclosed herein,
the inner structure of the polystyrene beads can be controlled
by means of changing its degree of crosslinking, which then
indirectly results in the controllable size and distribution of
the inorganic nanoparticles within the support; therefore, the
regulatable properties of the composite nanoabsorbent are
realized.

BACKGROUND

Currently, the heavy metal pollution of water bodies has
become a severe worldwide challenge that attracts increasing
concerns and researches throughout the world. In recent
decades, the inorganic nanoabsorbents prepared with
hydrated iron oxide (HFO) and hydrated manganese oxide
(HMO) have been unanimously regarded as two of the best
heavy metal absorbents. HFO presents unique amphoteric
absorbability, namely, it can absorb not only the positively
charged cations but also the negatively charged anions; its
capability in absorbing arsenic, stibium is extraordinarily
remarkable; a large amount of literature published both in
China and in other countries has proven this fact. The
researches on HMO date back to 1973. The comparatively
large specific surface area, high activity and large absorption
capacity of HMO particles enable it to present desirable
absorbability for such heavy metals as lead, cadmium and
zinc. However, despite the desirable properties of HFO and
HMO mentioned above, there are many obstacles in putting
them into practical application. Firstly, both HFO and HMO
particles are extremely fine in size. When directly used in
such a fluidization system as the absorption column, large
pressure drop will occur; when used in a static absorption
system, it would be difficult to guarantee an effective separa-
tion, and due to the existence of intraparticle diffusion, the
absorption kinetics would not be satisfactory either. Sec-
ondly, due to the high activity and the thermodynamic insta-
bility of nanoparticles, severe agglomeration may occur in
practical application, which will consequently lower down
their absorption performance.

In recent decades, adopting polymer materials as the sup-
port and loading inorganic metallic functional materials
thereon to prepare the composite absorbent has become a
common practice, which effectively solves the above-men-
tioned problems. The materials often used as the support are
resin, activated carbon, diatomite, zeolite, fibers and bento-
nite; all of them are good support materials, however, there
still exist many problems requiring improvements.
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Pan Bingcai and his team at (China) Nanjing University in
two patents (Patent Number: Z1.2005 1 00951775; Z1.2006 1
004136654) disclosed a series of organic-inorganic compos-
ite nanoabsorbents by using nanoporous polymers as the sup-
port and then loading nanaparticles of iron oxide and manga-
nese oxide into the nanoporous canals of the polymer support
through surface deposition; the composite nanoabsorbents so
obtained successfully solved the problem of the deep purifi-
cation of water containing such pollutants as trace heavy
metals, arsenic and selenium, because they not only overcame
difficulties resulting from large pressure drop and separation
problem when the oxide nanoparticles are directly applied in
a fluidization system, but also greatly enhanced absorption
selectivity for the target pollutants and absorption capacity as
a whole due to the enhanced mass transfer effect engendered
by the Donnan membrane formed by fixed charged groups on
the surface of the polymer support.

Conventionally, the nanoporous canals of the support poly-
mer are comparatively large (from tens to hundreds of nanom-
eters); with so large the pore canals, the nanosize effect of the
support is not very obvious; the size of loaded inorganic
nanoparticles is slightly smaller than that of pore canals, but
it is still as large as tens of nanometers or even more than one
hundred nanometers. Such a structure leads to a series of
defects, for example, poor nanosize effect, weak absorption
activity, low absorption capacity, undesirable kinetic perfor-
mance and low absorption selectivity for the target pollutant,
for related researches have shown that the smaller inorganic
functional particles, the stronger the nanosize effect and reac-
tion activity, the higher absorption capacity, the more desir-
able kinetic performance and the higher absorption selectiv-
ity for the target pollutant.

SUMMARY

1. The Technical Problems to be Solved
A purpose of this invention is to provide a method for regu-
lating the structure and properties of the composite nanoab-
sorbent whereby the composite nanoabsorbent can be con-
trollably prepared in order to meet practical requirements
emerged in deep purification of surface water, groundwater,
industrial wastewater, domestic sewage and other waters con-
taining such heavy metals as arsenic, stibium, lead and/or
cadmium.

2. Technical Solutions
The principle of this invention lies in firstly adopting the
post-crosslinking method to realize controllable preparation
of' the resin with different degrees of crosslinking (the degree
of crosslinking is 8-60%, average pore size is 10-1 nm and the
specific surface area is 50-1200 m?/g); then using the resin
with different degrees of crosslinking as the support and
loading the HFO/HMO nanoparticles thereon through in situ
precipitation; the different pore structures resulting from dif-
ferent degrees of crosslinking can be utilized to regulate the
size of inorganic nanoparticles, and the preparation of the
composite nanoabsorbent with different structures and prop-
erties is therefore realized (the loading rate of inorganic nano-
particles, when calculated in iron or manganese, is 3%-15%
by mass; more than 95% of nanoparticles are 0.5-8 nm in
diameter).

The technical solutions provided in this invention include:
a method for regulating the structure and properties of the
composite nanoabsorbent, consisting of the following steps:
1) using nanoporous chloromethylated polystyrene-divinyl-

benzene beads as the support material;
2) mixing the chloromethylated beads, nitrobenzene and zinc

chloride (ZnCl,) together in a certain proportion, agitating
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the mixture and simultaneously heating the mixture slowly

in an oil bath till the temperature reaches a certain degree;

keeping the temperature constant for a certain period of
reaction;

3) naturally cooling off the system after the reaction is com-
plete; taking out the material so obtained and washing it
with a large amount of ethanol and water till it turns neutral,
then extracting the material with ethanol;

4) drying the extracted material at 60° C., and the resin A with
different degrees of crosslinking is obtained;

5) choosing an appropriate type of inorganic functional mate-
rial B;

6) using the resin absorbent A as the support, loading the
inorganic functional material B thereon by means of'in situ
precipitation; the composite nanoabsorbent is therefore
obtained.

In the post-crosslinking reaction process mentioned in step
(2), the mass-volume ratio between chloromethylated beads
and nitrobenzene is 1:5-1:10; the mass ratio between chlo-
romethylated beads and ZnCl, is 2:1-10:1; the reaction tem-
perature is 90-200° C. and the reaction time is 1-8 hours; the
proportions between chloromethylated beads, nitrobenzene
and ZnCl, as well as the temperature and the time of reaction
can be regulated for producing different degrees of crosslink-
ing. The choice of inorganic metallic functional material
mentioned in step (5) is determined in relation to the target
pollutant; they can be either nanosized hydrated iron oxide or
nanosized hydrated manganese oxide.

When other reaction conditions remain unchanged, the
degree of crosslinking will decrease in accordance with the
increase of mass-volume ratio between chloromethylated
beads and nitrobenzene. For example, keeping the mass ratio
between chloromethylated beads and ZnCl, at 3:1, the reac-
tion temperature at 150° C., the reaction time at 8 hours, the
degree of crosslinking would be 60%, 45% and 30% respec-
tively when the mass-volume ratios between chloromethy-
lated beads and nitrobenzene are 1:10, 1:7 and 1:5. When
other reaction conditions remain unchanged, the degree of
crosslinking will decrease in accordance with the increase of
mass ratio between chloromethylated beads and ZnCl,. For
example, keeping the mass-volume ratio between chlorom-
ethylated beads and nitrobenzene at 1:10, the reaction tem-
perature at 150° C., the reaction time at 8 hours, the degree of
crosslinking would be 60%, 50% and 40% respectively when
the mass ratios between chloromethylated beads and ZnCl,
are 2:1, 4:1 and 10:1. When other reaction conditions remain
unchanged, the degree of crosslinking will increase in accor-
dance with the increase of reaction temperature. For example,
keeping the mass-volume ratio between chloromethylated
beads and nitrobenzene at 1:10, the mass ratio between chlo-
romethylated beads and ZnCl, at 3:1, the reaction time at 8
hours, the degree of crosslinking would be 60%, 40% and
30% respectively when the reaction temperatures are 150° C.,
120° C. and 90° C. When other reaction conditions remain
unchanged, the degree of crosslinking will increase in accor-
dance with the extension of reaction time. For example, keep-
ing the mass-volume ratio between chloromethylated beads
and nitrobenzene at 1:10, the mass ratio between chlorom-
ethylated beads and ZnCl, at 3:1, the reaction temperature at
150° C., the degree of crosslinking would be 60%, 50% and
20% respectively when the reaction time is 8 hours, 5 hours
and 1 hour.

The degree of crosslinking of the controllable polymer
support is 8%-60%; the average pore size is 1-10nm, and the
volume of'this part of nanopores comprises more than 90% of
the total pore volume of organic matrix. The in situ precipi-
tation method mentioned in step (6) is specifically conducted
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in the following way: when the inorganic functional material

B is nanosized hydrated iron oxide, mixing (with agitation)

the resin A and 0.5-2 mol/L. iron chloride (FeCl;) solution

together for 24 hours, filtering the mixture and then mixing

(with agitation) the material so obtained with 0.5-2 mol/L.

sodium hydroxide (NaOH) solution for 24 hours, filtering the

mixture and washing the material with a large amount of

water till it turns neutral, then drying the material at 60° C.

and the HFO-loaded composite nanoabsorbent is obtained;

when the inorganic functional material B is nanosized
hydrated manganese oxide, mixing (with agitation) the resin

A and 0.5-2mol/lL. manganese sulfate (MnSO,) solution

together for 24 hours, filtering the mixture and then mixing

(with agitation) the material so obtained with 0.5-2mol/L.

sodium hypochlorite (NaClO) solution for 24 hours, filtering

the mixture and washing the material with a large amount of

water till it turns neutral, then drying the material at 60° C.

and the HMO-loaded composite nanoabsorbent is obtained.
3. Beneficial Effects

This invention provides a method for regulating the structure

and properties of the composite nanoabsorbent. In compari-

son with the prior art, the preparation method provided herein
have following advantages:

(1) The method provided herein can prepare the support resin
with different nanoporous structures by means of control-
lable post-crosslinking method; the average pore size of the
material so obtained is 1-10 nm, and its specific surface
area is 50-1200 m*/g;

(2) the distribution and size of the inorganic nanoparticles can
be indirectly regulated by means of changing the pore
structure of the resin support;

(3) the composite nanomaterials prepared with the resin of
different degrees of crosslinking present different struc-
tures and properties, and specific structure and properties
can be selected in order to meet the practical requirements.

DETAILED DESCRIPTION

Embodiment 1

There exists a certain amount of simulated wastewater con-
taining 5 ppm arsenic (I1I); the pH value is 6 and the concen-
trations of other background ions such as CI-, SO,*~, HCO,~
and SiO;~ are all 0 ppm. In respect of high concentration of
arsenic and no background ions in the wastewater, a kineti-
cally very fast composite nanoabsorbent with very high
absorption capacity should be prepared for treating it; there-
fore, a resin with 60% degree of crosslinking is adopted
herein as the support of the composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2° C./min till the temperature reaches 150° C.; keeping the
temperate constant for 8 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 60%; the specific
surface area is 1200 m*/g; the volume of 1-10 nm pores
comprises 95% of the total pore volume of the organic
matrix); slowly channeling 2.5 L 2.5M FeCl; and 150 ml
mixed solution containing 20 g NaOH in succession through
50 ml (about 30 g) of the said resin and then dehydrating the
material with centrifuging; after the heat treatment, the com-
posite nanoabsorbent loaded with HFO (loading rate is 10%
by iron) is therefore obtained, wherein more than 99% of
HFO particles are 0.5-8 nm in diameter (1.2 nm in average);
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packing the said nanoabsorbent into a jacketed glass absorp-
tion column ($32x360 mm) and channeling the said simu-
lated water polluted with arsenic (IIT) through the resin bed at
the flow rate of 500 ml/L; the total treatment capacity is
10,000 BV and the concentration of arsenic in the effluent is
lower than 5 ppb.

Controlling the temperature at 50£5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 ml/L. through the resin bed for
desorption; the desorption rate of arsenic is higher than 99%;
the desorbed resin can be reused as the support.

BV refers to the volume of the resin bed.

Embodiment 2

There exists a certain amount of simulated wastewater con-
taining 1 ppm arsenic (I1I); the pH value is 6 and the concen-
trations of other background ions such as CI-, SO,*~, HCO,~
and SiO;™ are all 500 ppm. In respect of moderate concentra-
tion of arsenic and high concentration of background ions in
the wastewater, a kinetically fairly fast composite nanoabsor-
bent with very high selectivity and fairly high absorption
capacity should be prepared for treating it; therefore, a resin
with 40% degree of crosslinking is adopted herein as the
support of the composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2°¢ C./min till the temperature reaches 120° C.; keeping the
temperate constant for 6 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 40%; the specific
surface area is 600 m*/g; the volume of 1-10 nm pores com-
prises 95% of the total pore volume of the organic matrix);
slowly channeling 2.5 L. 2.5M FeCl, and 150 ml mixed solu-
tion containing 20 g NaOH in succession through 50 ml
(about 30 g) of the said resin and then dehydrating the mate-
rial with centrifuging; after the heat treatment, the composite
nanoabsorbent loaded with HFO (loading rate is 10% by iron)
is therefore obtained, wherein more than 99% of HFO par-
ticles are 0.5-8 nm in diameter (2.5 nm in average); packing
the said nanoabsorbent into a jacketed glass absorption col-
umn ($32x360 mm) and channeling the said simulated water
polluted with arsenic (II) through the resin bed at the flow
rate of 500 ml/L; the total treatment capacity is 25,000 BV
and the concentration of arsenic in the effluent is lower than 5
ppb.

Controlling the temperature at 50£5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 ml/L. through the resin bed for
desorption; the desorption rate of arsenic is higher than 99%;
the desorbed resin can be reused as the support.
Embodiment 3
There exists a certain amount of simulated wastewater con-
taining 1 ppm arsenic (I1I); the pH value is 6 and the concen-
trations of other background ions such as CI-, SO,*~, HCO,~
and SiO;~ are all 50 ppm. In respect of moderate concentra-
tion of arsenic and fairly low concentration of background
ions in the wastewater, a kinetically fairly fast composite
nanoabsorbent with fairly high anticompetitiveness and very
high absorption capacity should be prepared for treating it;
therefore, a resin with 50% degree of crosslinking is adopted
herein as the support of the composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
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2° C./min till the temperature reaches 120° C.; keeping the
temperate constant for 8 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 50%; the specific
surface area is 900 m*/g; the volume of 1-10 nm pores com-
prises 95% of the total pore volume of the organic matrix);
slowly channeling 2.5 L. 2.5M FeCl; and 150 ml mixed solu-
tion containing 20 g NaOH in succession through 50 ml
(about 30 g) of the said resin and then dehydrating the mate-
rial with centrifuging; after the heat treatment, the composite
nanoabsorbent loaded with HFO (loading rate is 10% by iron)
is therefore obtained, wherein more than 99% of HFO par-
ticles are 0.5-8 nm in diameter (2.0 nm in average); packing
the said nanoabsorbent into a jacketed glass absorption col-
umn ($32x360 mm) and channeling the said simulated water
polluted with arsenic (III) through the resin bed at the flow
rate of 500 ml/L; the total treatment capacity is 32,000 BV
and the concentration of arsenic in the effluent is lower than 5
ppb.

Controlling the temperature at 50+5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 m1/L. through the resin bed for
desorption; the desorption rate of arsenic is higher than 99%;
the desorbed resin can be reused as the support.
Embodiment 4
There exists a certain amount of simulated wastewater con-
taining 1 ppm arsenic (I1I); the pH value is 6 and the concen-
trations of other background ions such as CI-, SO,*~, HCO,~
and SiO;™ are all O ppm. In respect of moderate concentration
of arsenic and no background ions in the wastewater, a kineti-
cally very fast composite nanoabsorbent with very high
absorption capacity should be prepared for treating it; there-
fore, a resin with 60% degree of crosslinking is adopted
herein as the support of the composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2° C./min till the temperature reaches 150° C.; keeping the
temperate constant for 8 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 60%; the specific
surface area is 1200 m*/g; the volume of 1-10 nm pores
comprises 95% of the total pore volume of the organic
matrix); slowly channeling 2.5 L 2.5M FeCl; and 150 ml
mixed solution containing 20 g NaOH in succession through
50 ml (about 30 g) of the said resin and then dehydrating the
material with centrifuging; after the heat treatment, the com-
posite nanoabsorbent loaded with HFO (loading rate is 10%
by iron) is therefore obtained, wherein more than 99% of
HFO particles are 0.5-8 nm in diameter (1.2 nm in average);
packing the said nanoabsorbent into a jacketed glass absorp-
tion column ($32x360 mm) and channeling the said simu-
lated water polluted with arsenic (IIT) through the resin bed at
the flow rate of 500 ml/L; the total treatment capacity is
40,000 BV and the concentration of arsenic in the effluent is
lower than 5 ppb.

Controlling the temperature at 50+5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 m1/L. through the resin bed for
desorption; the desorption rate of arsenic is higher than 99%;
the desorbed resin can be reused as the support.

BV refers to the volume of the resin bed.
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Embodiment 5

There exists a certain amount of simulated wastewater con-
taining 0.2 ppm arsenic (III); the pH value is 6 and the con-
centrations of other background ions such as CI7, SO~
HCO;™ and Si0O;™ are all 500 ppm. In respect of low concen-
tration of arsenic and high concentration of background ions
in the wastewater, a kinetically fairly fast composite nanoab-
sorbent with very high selectivity and fairly high absorption
capacity should be prepared for treating it; therefore, a resin
with 40% degree of crosslinking is adopted herein as the
support of the composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2°¢ C./min till the temperature reaches 120° C.; keeping the
temperate constant for 6 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 40%; the specific
surface area is 600 m*/g; the volume of 1-10 nm pores com-
prises 95% of the total pore volume of the organic matrix);
slowly channeling 2.5 L. 2.5M FeCl, and 150 ml mixed solu-
tion containing 20 g NaOH in succession through 50 ml
(about 30 g) of the said resin and then dehydrating the mate-
rial with centrifuging; after the heat treatment, the composite
nanoabsorbent loaded with HFO (loading rate is 10% by iron)
is therefore obtained, wherein more than 99% of HFO par-
ticles are 0.5-8 nm in diameter (2.5 nm in average); packing
the said nanoabsorbent into a jacketed glass absorption col-
umn ($32x360 mm) and channeling the said simulated water
polluted with arsenic (II) through the resin bed at the flow
rate of 500 ml/L; the total treatment capacity is 45,000 BV
and the concentration of arsenic in the effluent is lower than 5
ppb.

Controlling the temperature at 50£5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 ml/L. through the resin bed for
desorption; the desorption rate of arsenic is higher than 99%;
the desorbed resin can be reused as the support.
Embodiment 6
There exists a certain amount of simulated wastewater con-
taining 1 ppm arsenic (I1I); the pH value is 6 and the concen-
trations of other background ions such as CI~, SO,>~, HCO;~
and SiO;~ are all 50 ppm. In respect of moderate concentra-
tion of arsenic and fairly low concentration of background
ions in the wastewater, a kinetically fairly fast composite
nanoabsorbent with fairly high anticompetitiveness and very
high absorption capacity should be prepared for treating it;
therefore, a resin with 50% degree of crosslinking is adopted
herein as the support of the composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
200 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2° C./min till the temperature reaches 150° C.; keeping the
temperate constant for 8 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 46%; the specific
surface area is 800 m*/g; the volume of 1-10 nm pores com-
prises 95% of the total pore volume of the organic matrix);
slowly channeling 2.5 L. 2.5M FeCl, and 150 ml mixed solu-
tion containing 20 g NaOH in succession through 50 ml
(about 30 g) of the said resin and then dehydrating the mate-
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rial with centrifuging; after the heat treatment, the composite
nanoabsorbent loaded with HFO (loading rate is 10% by iron)
is therefore obtained, wherein more than 99% of HFO par-
ticles are 0.5-8 nm in diameter (1.8 nm in average); packing
the said nanoabsorbent into a jacketed glass absorption col-
umn ($32x360 mm) and channeling the said simulated water
polluted with arsenic (III) through the resin bed at the flow
rate of 500 ml/L; the total treatment capacity is 34,000 BV
and the concentration of arsenic in the effluent is lower than 5
ppb.

Controlling the temperature at 50+5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 m1/L. through the resin bed for
desorption; the desorption rate of arsenic is higher than 99%;
the desorbed resin can be reused as the support.

BV refers to the volume of the resin bed.

Embodiment 7

There exists a certain amount of simulated wastewater con-
taining 1 ppm arsenic (I1I); the pH value is 6 and the concen-
trations of other background ions such as CI-, SO,*~, HCO,~
and SiO;~ are all 50 ppm. In respect of moderate concentra-
tion of arsenic and fairly low concentration of background
ions in the wastewater, a kinetically fairly fast composite
nanoabsorbent with fairly high anticompetitiveness and very
high absorption capacity should be prepared for treating it;
therefore, a resin with 50% degree of crosslinking is adopted
herein as the support of the composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
200 ml nitrobenzene and 5 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2° C./min till the temperature reaches 150° C.; keeping the
temperate constant for 8 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 50%; the specific
surface area is 900 m*/g; the volume of 1-10 nm pores com-
prises 95% of the total pore volume of the organic matrix);
slowly channeling 2.5 L 2.5M FeCl, and 150 ml mixed solu-
tion containing 20 g NaOH in succession through 50 ml
(about 30 g) of the said resin and then dehydrating the mate-
rial with centrifuging; after the heat treatment, the composite
nanoabsorbent loaded with HFO (loading rate is 10% by iron)
is therefore obtained, wherein more than 99% of HFO par-
ticles are 0.5-8 nm in diameter (2.0 nm in average); packing
the said nanoabsorbent into a jacketed glass absorption col-
umn ($32x360 mm) and channeling the said simulated water
polluted with arsenic (III) through the resin bed at the flow
rate of 500 ml/L; the total treatment capacity is 32,000 BV
and the concentration of arsenic in the effluent is lower than 5
ppb.

Controlling the temperature at 50+5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 m1/L. through the resin bed for
desorption; the desorption rate of arsenic is higher than 99%;
the desorbed resin can be reused as the support.

BV refers to the volume of the resin bed.

Embodiment 8

There exists a certain amount of simulated wastewater con-
taining 5 ppm stibium (III); the pH value is 6 and the concen-
trations of other background ions such as CI-, SO,*~, HCO,~
and SiO;~ are all 0 ppm. In respect of high concentration of
stibium and no background ions in the wastewater, a kineti-
cally very fast composite nanoabsorbent with very high
absorption capacity should be prepared for treating it; there-
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fore, a resin with 60% degree of crosslinking is adopted
herein as the support of the composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2° C./min till the temperature reaches 150° C.; keeping the
temperate constant for 8 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 60%; the specific
surface area is 1200 m*g; the volume of 1-10 nm pores
comprises 95% of the total pore volume of the organic
matrix); slowly channeling 2.5 L 2.5M FeCl; and 150 ml
mixed solution containing 20 g NaOH in succession through
50 ml (about 30 g) of the said resin and then dehydrating the
material with centrifuging; after the heat treatment, the com-
posite nanoabsorbent loaded with HFO (loading rate is 10%
by iron) is therefore obtained, wherein more than 99% of
HFO particles are 0.5-8 nm in diameter (1.2 nm in average);
packing the said nanoabsorbent into a jacketed glass absorp-
tion column ($32x360 mm) and channeling the said simu-
lated water polluted with stibium (III) through the resin bed at
the flow rate of 500 ml/L; the total treatment capacity is 8,000
BV and the concentration of stibium in the effluent is lower
than 5 ppb.

Controlling the temperature at 50£5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 ml/L. through the resin bed for
desorption; the desorption rate of stibium is higher than 99%;
the desorbed resin can be reused as the support.

BV refers to the volume of the resin bed.

Embodiment 9

There exists a certain amount of simulated wastewater con-
taining 1 ppm stibium (III); the pH value is 6 and the concen-
trations of other background ions such as CI-, SO,*~, HCO,~
and SiO;™ are all 500 ppm. In respect of moderate concentra-
tion of stibium and high concentration of background ions in
the wastewater, a kinetically fairly fast composite nanoabsor-
bent with very high selectivity and fairly high absorption
capacity should be prepared for treating it; therefore, a resin
with 40% degree of crosslinking is adopted herein as the
support of the composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2°¢ C./min till the temperature reaches 120° C.; keeping the
temperate constant for 6 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 40%; the specific
surface area is 600 m*/g; the volume of 1-10 nm pores com-
prises 95% of the total pore volume of the organic matrix);
slowly channeling 2.5 L. 2.5M FeCl, and 150 ml mixed solu-
tion containing 20 g NaOH in succession through 50 ml
(about 30 g) of the said resin and then dehydrating the mate-
rial with centrifuging; after the heat treatment, the composite
nanoabsorbent loaded with HFO (loading rate is 10% by iron)
is therefore obtained, wherein more 99% of HFO particles are
0.5-8 nm in diameter (2.5 nm in average); packing the said
nanoabsorbent into a jacketed glass absorption column (¢32x
360 mm) and channeling the said simulated water polluted
with stibium (III) through the resin bed at the flow rate of 500
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ml/L; the total treatment capacity is 20,000 BV and the con-
centration of stibium in the effluent is lower than 5 ppb.

Controlling the temperature at 50+5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 m1/L. through the resin bed for
desorption; the desorption rate of stibium is higher than 99%;
the desorbed resin can be reused as the support.
Embodiment 10
There exists a certain amount of simulated wastewater con-
taining 1 ppm stibium (III); the pH value is 6 and the concen-
trations of other background ions such as C~, SO,*~, HCO,~
and SiO;~ are all 50 ppm. In respect of moderate concentra-
tion of stibium and fairly low concentration of background
ions in the wastewater, a kinetically fairly fast composite
nanoabsorbent with fairly high anticompetitiveness and very
high absorption capacity should be prepared for treating it;
therefore, a resin with 50% degree of crosslinking is adopted
herein as the support of the composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2° C./min till the temperature reaches 120° C.; keeping the
temperate constant for 8 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 50%; the specific
surface area is 900 m*/g; the volume of 1-10 nm pores com-
prises 95% of the total pore volume of the organic matrix);
slowly channeling 2.5 L 2.5M FeCl, and 150 ml mixed solu-
tion containing 20 g NaOH in succession through 50 ml
(about 30 g) of the said resin and then dehydrating the mate-
rial with centrifuging; after the heat treatment, the composite
nanoabsorbent loaded with HFO (loading rate is 10% by iron)
is therefore obtained, wherein more 99% of HFO particles are
0.5-8 nm in diameter (2.0 nm in average); packing the said
nanoabsorbent into a jacketed glass absorption column (¢32x
360 mm) and channeling the said simulated water polluted
with stibium (III) through the resin bed at the flow rate of 500
ml/L; the total treatment capacity is 28,000 BV and the con-
centration of stibium in the effluent is lower than 5 ppb.

Controlling the temperature at 50+5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 m1/L. through the resin bed for
desorption; the desorption rate of stibium is higher than 99%;
the desorbed resin can be reused as the support.
Embodiment 11
There exists a certain amount of simulated wastewater con-
taining 1 ppm stibium (III); the pH value is 6 and the concen-
trations of other background ions such as C~, SO,*~, HCO,~
and SiO;™ are all 0 ppm. In respect of moderate concentration
of'stibium and no background ions in the wastewater, a kineti-
cally very fast composite nanoabsorbent with very high
absorption capacity should be prepared for treating it; there-
fore, a resin with 60% degree of crosslinking is adopted
herein as the support of the composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2° C./min till the temperature reaches 150° C.; keeping the
temperate constant for 8 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 60%; the specific
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surface area is 1200 m*g; the volume of 1-10 nm pores
comprises 95% of the total pore volume of the organic
matrix); slowly channeling 2.5 L 2.5M FeCl; and 150 ml
mixed solution containing 20 g NaOH in succession through
50 ml (about 30 g) of the said resin and then dehydrating the
material with centrifuging; after the heat treatment, the com-
posite nanoabsorbent loaded with HFO (loading rate is 10%
by iron) is therefore obtained, wherein more than 99% of
HFO particles are 0.5-8 nm in diameter (1.2 nm in average);
packing the said nanoabsorbent into a jacketed glass absorp-
tion column ($32x360 mm) and channeling the said simu-
lated water polluted with stibium (III) through the resin bed at
the flow rate of 500 ml/L; the total treatment capacity is
35,000 BV and the concentration of stibium in the effluent is
lower than 5 ppb.

Controlling the temperature at 50£5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 ml/L. through the resin bed for
desorption; the desorption rate of stibium is higher than 99%;
the desorbed resin can be reused as the support.

BV refers to the volume of the resin bed.

Embodiment 12

There exists a certain amount of simulated wastewater con-
taining 0.2 ppm stibium (III); the pH value is 6 and the
concentrations of other background ions such as C~, SO~
HCO;™ and Si0O;™ are all 500 ppm. In respect of low concen-
tration of stibium and high concentration of background ions
in the wastewater, a kinetically fairly fast composite nanoab-
sorbent with very high selectivity and fairly high absorption
capacity should be prepared for treating it; therefore, a resin
with 40% degree of crosslinking is adopted herein as the
support of the composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2°¢ C./min till the temperature reaches 120° C.; keeping the
temperate constant for 6 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 40%; the specific
surface area is 600 m*/g; the volume of 1-10 nm pores com-
prises 95% of the total pore volume of the organic matrix);
slowly channeling 2.5 L. 2.5M FeCl, and 150 ml mixed solu-
tion containing 20 g NaOH in succession through 50 ml
(about 30 g) of the said resin and then dehydrating the mate-
rial with centrifuging; after the heat treatment, the composite
nanoabsorbent loaded with HFO (loading rate is 10% by iron)
is therefore obtained, wherein more than 99% of HFO par-
ticles are 0.5-8 nm in diameter (2.5nm in average); packing
the said nanoabsorbent into a jacketed glass absorption col-
umn ($32x360 mm) and channeling the said simulated water
polluted with stibium (III) through the resin bed at the flow
rate of 500 ml/L; the total treatment capacity is 40,000 BV
and the concentration of stibium in the effluent is lower than
5 ppb.

Controlling the temperature at 50£5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 ml/L. through the resin bed for
desorption; the desorption rate of stibium is higher than 99%;
the desorbed resin can be reused as the support.
Embodiment 13
There exists a certain amount of simulated wastewater con-
taining 1 ppm stibium (III); the pH value is 6 and the concen-
trations of other background ions such as C~, SO,*~, HCO;~
and SiO;~ are all 50 ppm. In respect of moderate concentra-
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tion of stibium and fairly low concentration of background
ions in the wastewater, a kinetically fairly fast composite
nanoabsorbent with fairly high anticompetitiveness and very
high absorption capacity should be prepared for treating it;
therefore, a resin with 50% degree of crosslinking is adopted
herein as the support of the composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
200 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2° C./min till the temperature reaches 120° C.; keeping the
temperate constant for 8 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 46%; the specific
surface area is 800 m*/g; the volume of 1-10 nm pores com-
prises 95% of the total pore volume of the organic matrix);
slowly channeling 2.5 L 2.5M FeCl, and 150 ml mixed solu-
tion containing 20 g NaOH in succession through 50 ml
(about 30 g) of the said resin and then dehydrating the mate-
rial with centrifuging; after the heat treatment, the composite
nanoabsorbent loaded with HFO (loading rate is 10% by iron)
is therefore obtained, wherein more than 99% of HFO par-
ticles are 0.5-8 nm in diameter (1.8 nm in average); packing
the said nanoabsorbent into a jacketed glass absorption col-
umn ($32x360 mm) and channeling the said simulated water
polluted with stibium (I1I) through the resin bed at the flow
rate of 500 ml/L; the total treatment capacity is 30,000 BV
and the concentration of stibium in the effluent is lower than
5 ppb.

Controlling the temperature at 50+5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 m1/L. through the resin bed for
desorption; the desorption rate of stibium is higher than 99%;
the desorbed resin can be reused as the support.
Embodiment 14
There exists a certain amount of simulated wastewater con-
taining 1 ppm stibium (III); the pH value is 6 and the concen-
trations of other background ions such as C~, SO,*~, HCO,~
and SiO;~ are all 50 ppm. In respect of moderate concentra-
tion of stibium and fairly low concentration of background
ions in the wastewater, a kinetically fairly fast composite
nanoabsorbent with fairly high anticompetitiveness and very
high absorption capacity should be prepared for treating it;
therefore, a resin with 50% degree of crosslinking is adopted
herein as the support of the composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
200 ml nitrobenzene and 5 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2° C./min till the temperature reaches 150° C.; keeping the
temperate constant for 8 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 50%; the specific
surface area is 900 m*/g; the volume of 1-10 nm pores com-
prises 95% of the total pore volume of the organic matrix);
slowly channeling 2.5 L 2.5M FeCl, and 150 ml mixed solu-
tion containing 20 g NaOH in succession through 50 ml
(about 30 g) of the said resin and then dehydrating the mate-
rial with centrifuging; after the heat treatment, the composite
nanoabsorbent loaded with HFO (loading rate is 10% by iron)
is therefore obtained, wherein more than 99% of HFO par-
ticles are 0.5-8 nm in diameter (2.0 nm in average); packing
the said nanoabsorbent into a jacketed glass absorption col-
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umn ($32x360 mm) and channeling the said simulated water
polluted with stibium (III) through the resin bed at the flow
rate of 500 ml/L; the total treatment capacity is 20,000 BV
and the concentration of stibium in the effluent is lower than
5 ppb.

Controlling the temperature at 50£5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 ml/L. through the resin bed for
desorption; the desorption rate of stibium is higher than 99%;
the desorbed resin can be reused as the support.
Embodiment 15
There exists a certain amount of simulated wastewater con-
taining 10 ppm lead; the pH value is 6 and the concentrations
of other background ions such as Ca**, Mg>* and Na* are all
0 ppm. In respect of high concentration of lead and no back-
ground ions in the wastewater, a kinetically very fast com-
posite nanoabsorbent with very high absorption capacity
should be prepared for treating it; therefore, a resin with 60%
degree of crosslinking is adopted herein as the support of the
composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2° C./min till the temperature reaches 150° C.; keeping the
temperate constant for 8 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 60%; the specific
surface area is 1200 m*g; the volume of 1-10 nm pores
comprises 95% of the total pore volume of the organic
matrix); slowly channeling 2.5 L. 2.0M MnSO, and 150 ml
mixed solution containing 20 g NaClO in succession through
50 ml (about 30 g) of the said resin and then dehydrating the
material with centrifuging; after the heat treatment, the com-
posite nanoabsorbent loaded with HMO (loading rate is 10%
by manganese) is therefore obtained, wherein more than 99%
of HFO particles are 0.5-8 nm in diameter (1.2 nm in aver-
age); packing the said nanoabsorbent into a jacketed glass
absorption column (¢p32x360 mm) and channeling the said
simulated water polluted with lead through the resin bed at the
flow rate of 500 ml/L; the total treatment capacity is 15,000
BV and the concentration of lead in the effluent is lower than
5 ppb.

Controlling the temperature at 50£5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 ml/L. through the resin bed for
desorption; the desorption rate of lead is higher than 99%; the
desorbed resin can be reused as the support.

BV refers to the volume of the resin bed.

Embodiment 16

There exists a certain amount of simulated wastewater con-
taining 2 ppm lead; the pH value is 6 and the concentrations of
other background ions such as Ca**, Mg>* and Na* are all 500
ppm. In respect of moderate concentration of lead and high
concentration of background ions in the wastewater, a kineti-
cally fairly fast composite nanoabsorbent with very high
selectivity and fairly high absorption capacity should be pre-
pared for treating it; therefore, a resin with 40% degree of
crosslinking is adopted herein as the support of the composite
absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2°¢ C./min till the temperature reaches 120° C.; keeping the
temperate constant for 6 hours of reaction, and naturally
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cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 40%; the specific
surface area is 600 m*/g; the volume of 1-10 nm pores com-
prises 95% of the total pore volume of the organic matrix);
slowly channeling 2.5 L 2.0M MnSO, and 150 ml mixed
solution containing 20 g NaClO in succession through 50 ml
(about 30 g) of the said resin and then dehydrating the mate-
rial with centrifuging; after the heat treatment, the composite
nanoabsorbent loaded with HMO (loading rate is 10% by
manganese) is therefore obtained, wherein more than 99% of
HFO particles are 0.5-8 nm in diameter (2.5 nm in average);
packing the said nanoabsorbent into a jacketed glass absorp-
tion column ($32x360 mm) and channeling the said simu-
lated water polluted with lead through the resin bed at the flow
rate of 500 ml/L; the total treatment capacity is 32,000 BV
and the concentration of lead in the effluent is lower than 5
ppb.

Controlling the temperature at 50+5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 m1/L. through the resin bed for
desorption; the desorption rate of lead is higher than 99%; the
desorbed resin can be reused as the support.

Embodiment 17

There exists a certain amount of simulated wastewater con-
taining 2 ppm lead; the pH value is 6 and the concentrations of
other background ions such as Ca®*, Mg>* and Na™* are all 50
ppm. In respect of moderate concentration of lead and fairly
low concentration of background ions in the wastewater, a
kinetically fairly fast composite nanoabsorbent with fairly
high anticompetitiveness and very high absorption capacity
should be prepared for treating it; therefore, a resin with 50%
degree of crosslinking is adopted herein as the support of the
composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2° C./min till the temperature reaches 120° C.; keeping the
temperate constant for 8 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 50%; the specific
surface area is 900 m*/g; the volume of 1-10 nm pores com-
prises 95% of the total pore volume of the organic matrix);
slowly channeling 2.5 [ 2.0M MnSO, and 150 ml mixed
solution containing 20 g NaClO in succession through 50 ml
(about 30 g) of the said resin and then dehydrating the mate-
rial with centrifuging; after the heat treatment, the composite
nanoabsorbent loaded with HMO (loading rate is 10% by
manganese) is therefore obtained, wherein more than 99% of
HFO particles are 0.5-8 nm in diameter (2.0 nm in average);
packing the said nanoabsorbent into a jacketed glass absorp-
tion column ($32x360 mm) and channeling the said simu-
lated water polluted with lead through the resin bed at the flow
rate of 500 ml/L; the total treatment capacity is 44,000 BV
and the concentration of lead in the effluent is lower than 5
ppb.

Controlling the temperature at 50+5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 m1/L. through the resin bed for
desorption; the desorption rate of lead is higher than 99%; the
desorbed resin can be reused as the support.



US 9,387,458 B2

15

Embodiment 18

There exists a certain amount of simulated wastewater con-
taining 2 ppm lead; the pH value is 6 and the concentrations of
other background ions such as Ca**, Mg>* and Na* are all 0
ppm. In respect of moderate concentration of lead and no
background ions in the wastewater, a kinetically very fast
composite nanoabsorbent with very high absorption capacity
should be prepared for treating it; therefore, a resin with 60%
degree of crosslinking is adopted herein as the support of the
composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2° C./min till the temperature reaches 150° C.; keeping the
temperate constant for 5 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 8 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 60%; the specific
surface area is 1200 m*/g; the volume of 1-10 nm pores
comprises 95% of the total pore volume of the organic
matrix); slowly channeling 2.5 L. 2.0M MnSO, and 150 ml
mixed solution containing 20 g NaClO in succession through
50 ml (about 30 g) of the said resin and then dehydrating the
material with centrifuging; after the heat treatment, the com-
posite nanoabsorbent loaded with HMO (loading rate is 10%
by manganese) is therefore obtained, wherein more than 99%
of HFO particles are 0.5-8 nm in diameter (1.2 nm in aver-
age); packing the said nanoabsorbent into a jacketed glass
absorption column (¢p32x360 mm) and channeling the said
simulated water polluted with lead through the resin bed at the
flow rate of 500 ml/L; the total treatment capacity is 50,000
BV and the concentration of lead in the effluent is lower than
5 ppb.

Controlling the temperature at 50£5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 ml/L. through the resin bed for
desorption; the desorption rate of lead is higher than 99%; the
desorbed resin can be reused as the support.

BV refers to the volume of the resin bed.

Embodiment 19

There exists a certain amount of simulated wastewater con-
taining 0.4 ppm lead; the pH value is 6 and the concentrations
of other background ions such as Ca**, Mg>* and Na* are all
500 ppm. In respect of low concentration of lead and high
concentration of background ions in the wastewater, a kineti-
cally fairly fast composite nanoabsorbent with very high
selectivity and fairly high absorption capacity should be pre-
pared for treating it; therefore, a resin with 40% degree of
crosslinking is adopted herein as the support of the composite
absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2°¢ C./min till the temperature reaches 120° C.; keeping the
temperate constant for 6 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 40%; the specific
surface area is 600 m*/g; the volume of 1-10 nm pores com-
prises 95% of the total pore volume of the organic matrix);
slowly channeling 2.5 [ 2.0M MnSO, and 150 ml mixed
solution containing 20 g NaClO in succession through 50 ml
(about 30 g) of the said resin and then dehydrating the mate-
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rial with centrifuging; after the heat treatment, the composite
nanoabsorbent loaded with HMO (loading rate is 10% by
manganese) is therefore obtained, wherein more than 99% of
HFO particles are 0.5-8 nm in diameter (2.5nm in average);
packing the said nanoabsorbent into a jacketed glass absorp-
tion column ($32x360 mm) and channeling the said simu-
lated water polluted with lead through the resin bed at the flow
rate of 500 ml/L; the total treatment capacity is 60,000 BV
and the concentration of lead in the effluent is lower than 5
ppb.

Controlling the temperature at 50+5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 m1/L. through the resin bed for
desorption; the desorption rate of lead is higher than 99%; the
desorbed resin can be reused as the support.

Embodiment 20

There exists a certain amount of simulated wastewater con-
taining 10 ppm cadmium; the pH value is 6 and the concen-
trations of other background ions such as Ca®*, Mg** and Na*
are all 0 ppm. In respect of high concentration of cadmium
and no background ions in the wastewater, a kinetically very
fast composite nanoabsorbent with very high absorption
capacity should be prepared for treating it; therefore, a resin
with 60% degree of crosslinking is adopted herein as the
support of the composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2° C./min till the temperature reaches 150° C.; keeping the
temperate constant for 8 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 60%; the specific
surface area is 1200 m*/g; the volume of 1-10 nm pores
comprises 95% of the total pore volume of the organic
matrix); slowly channeling 2.5 L. 2.0M MnSO,, and 150 ml
mixed solution containing 20 g NaClO in succession through
50 ml (about 30 g) of the said resin and then dehydrating the
material with centrifuging; after the heat treatment, the com-
posite nanoabsorbent loaded with HMO (loading rate is 10%
by manganese) is therefore obtained, wherein more than 99%
of HFO particles are 0.5-8 nm in diameter (1.2 nm in aver-
age); packing the said nanoabsorbent into a jacketed glass
absorption column ($p32x360 mm) and channeling the said
simulated water polluted with cadmium through the resin bed
at the flow rate of 500 ml/L; the total treatment capacity is
12,000 BV and the concentration of cadmium in the effluent
is lower than 5 ppb.

Controlling the temperature at 50+5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 m1/L. through the resin bed for
desorption; the desorption rate of cadmium is higher than
99%; the desorbed resin can be reused as the support.

BV refers to the volume of the resin bed.

Embodiment 21

There exists a certain amount of simulated wastewater con-
taining 2 ppm cadmium; the pH value is 6 and the concentra-
tions of other background ions such as Ca®*, Mg** and Na*
are all 500 ppm. In respect of moderate concentration of
cadmium and high concentration of background ions in the
wastewater, a kinetically fairly fast composite nanoabsorbent
with very high selectivity and fairly high absorption capacity
should be prepared for treating it; therefore, a resin with 40%
degree of crosslinking is adopted herein as the support of the
composite absorbent.
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Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2°¢ C./min till the temperature reaches 120° C.; keeping the
temperate constant for 6 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 40%; the specific
surface area is 600 m*/g; the volume of 1-10 nm pores com-
prises 95% of the total pore volume of the organic matrix);
slowly channeling 2.5 [ 2.0M MnSO, and 150 ml mixed
solution containing 20 g NaClO in succession through 50 ml
(about 30 g) of the said resin and then dehydrating the mate-
rial with centrifuging; after the heat treatment, the composite
nanoabsorbent loaded with HMO (loading rate is 10% by
manganese) is therefore obtained, wherein more than 99% of
HFO particles are 0.5-8 nm in diameter (2.5 nm in average);
packing the said nanoabsorbent into a jacketed glass absorp-
tion column ($32x360 mm) and channeling the said simu-
lated water polluted with cadmium through the resin bed at
the flow rate of 500 ml/L; the total treatment capacity is
30,000 BV and the concentration of cadmium in the effluent
is lower than 5 ppb.

Controlling the temperature at 50£5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 ml/L. through the resin bed for
desorption; the desorption rate of cadmium is higher than
99%; the desorbed resin can be reused as the support.
Embodiment 22
There exists a certain amount of simulated wastewater con-
taining 2 ppm cadmium; the pH value is 6 and the concentra-
tions of other background ions such as Ca®*, Mg** and Na*
are all 50 ppm. In respect of moderate concentration of cad-
mium and fairly low concentration of background ions in the
wastewater, a kinetically fairly fast composite nanoabsorbent
with fairly high anticompetitiveness and very high absorption
capacity should be prepared for treating it; therefore, a resin
with 50% degree of crosslinking is adopted herein as the
support of the composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2°¢ C./min till the temperature reaches 120° C.; keeping the
temperate constant for 8 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 50%; the specific
surface area is 900 m*/g; the volume of 1-10 nm pores com-
prises 95% of the total pore volume of the organic matrix);
slowly channeling 2.5 [ 2.0M MnSO, and 150 ml mixed
solution containing 20 g NaClO in succession through 50 ml
(about 30 g) of the said resin and then dehydrating the mate-
rial with centrifuging; after the heat treatment, the composite
nanoabsorbent loaded with HMO (loading rate is 10% by
manganese) is therefore obtained, wherein more than 99% of
HFO particles are 0.5-8 nm in diameter (2.0 nm in average);
packing the said nanoabsorbent into a jacketed glass absorp-
tion column ($32x360 mm) and channeling the said simu-
lated water polluted with cadmium through the resin bed at
the flow rate of 500 ml/L; the total treatment capacity is
38,000 BV and the concentration of cadmium in the effluent
is lower than 5 ppb.
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Controlling the temperature at 50+5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 m1/L. through the resin bed for
desorption; the desorption rate of cadmium is higher than
99%; the desorbed resin can be reused as the support.
Embodiment 23
There exists a certain amount of simulated wastewater con-
taining 2 ppm cadmium; the pH value is 6 and the concentra-
tions of other background ions such as Ca**, Mg** and Na*
are all O ppm. In respect of moderate concentration of cad-
mium and no background ions in the wastewater, a kinetically
very fast composite nanoabsorbent with very high absorption
capacity should be prepared for treating it; therefore, a resin
with 60% degree of crosslinking is adopted herein as the
support of the composite absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2° C./min till the temperature reaches 150° C.; keeping the
temperate constant for 8 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 60%; the specific
surface area is 1200 m*/g; the volume of 1-10 nm pores
comprises 95% of the total pore volume of the organic
matrix); slowly channeling 2.5 L. 2.0M MnSO, and 150 ml
mixed solution containing 20 g NaClO in succession through
50 ml (about 30 g) of the said resin and then dehydrating the
material with centrifuging; after the heat treatment, the com-
posite nanoabsorbent loaded with HMO (loading rate is 10%
by manganese) is therefore obtained, wherein more than 99%
of HFO particles are 0.5-8 nm in diameter (1.2 nm in aver-
age); packing the said nanoabsorbent into a jacketed glass
absorption column ($p32x360 mm) and channeling the said
simulated water polluted with cadmium through the resin bed
at the flow rate of 500 ml/L; the total treatment capacity is
45,000 BV and the concentration of cadmium in the effluent
is lower than 5 ppb.

Controlling the temperature at 50+5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 m1/L. through the resin bed for
desorption; the desorption rate of cadmium is higher than
99%; the desorbed resin can be reused as the support.

BV refers to the volume of the resin bed.

Embodiment 24

There exists a certain amount of simulated wastewater con-
taining 0.4 ppm cadmium; the pH value is 6 and the concen-
trations of other background ions such as Ca**, Mg** and Na*
are all 500 ppm. In respect of low concentration of cadmium
and high concentration of background ions in the wastewater,
a kinetically fairly fast composite nanoabsorbent with very
high selectivity and fairly high absorption capacity should be
prepared for treating it; therefore, a resin with 40% degree of
crosslinking is adopted herein as the support of the composite
absorbent.

Mixing 30 g chloromethylated styrene-distyrene beads,
300 ml nitrobenzene and 10 g ZnCl, together, agitating the
mixture and simultaneously heating the mixture at the rate of
2° C./min till the temperature reaches 120° C.; keeping the
temperate constant for 6 hours of reaction, and naturally
cooling off the system after the reaction is complete; taking
out the material so obtained and extracting it with absolute
ethanol for 5 hours; drying the material at 60° C. for 5 hours,
and the resin with high degree of crosslinking is therefore
obtained (the degree of crosslinking is 40%; the specific
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surface area is 600 m*/g; the volume of 1-10 nm pores com-
prises 95% of the total pore volume of the organic matrix);
slowly channeling 2.5 [ 2.0M MnSO, and 150 ml mixed
solution containing 20 g NaClO in succession through 50 ml
(about 30 g) of the said resin and then dehydrating the mate-
rial with centrifuging; after the heat treatment, the composite
nanoabsorbent loaded with HMO (loading rate is 10% by
manganese) is therefore obtained, wherein more than 99% of
HFO particles are 0.5-8 nm in diameter (2.5nm in average);
packing the said nanoabsorbent into a jacketed glass absorp-
tion column ($32x360 mm) and channeling the said simu-
lated water polluted with cadmium through the resin bed at
the flow rate of 500 ml/L; the total treatment capacity is
50,000 BV and the concentration of cadmium in the effluent
is lower than 5 ppb.

Controlling the temperature at 50£5° C. and co-currently
channeling 200 ml mixed solution containing 4% NaOH and
8% NaCl at the flow rate of 100 ml/L. through the resin bed for
desorption; the desorption rate of cadmium is higher than
99%; the desorbed resin can be reused as the support.

What is claimed is:

1. A method for regulating the structure and properties of a
composite nanoabsorbent, consisting of the following steps:

1) providing nanoporous chloromethylated polystyrene-
divinylbenzene beads;

2) mixing the nanoporous chloromethylated polystyrene-
divinylbenzene beads, nitrobenzene and zinc chloride
(ZnCl,) together, agitating the mixture and simulta-
neously heating the mixture at a rate of 2° C./min in an
oil bath until a reaction temperature of 90-200° C. is
reached, and keeping the reaction temperature constant
for a reaction time of 1-8 hours;

3) naturally cooling off the mixture after heating the mix-
ture and keeping the reaction temperature constant, and
taking out the material so obtained and washing the
material successively with ethanol and water until an
effluent of the washed material turns neutral, then
extracting the material with absolute ethanol for 5 hours;

4) drying the extracted material at 60° C. to obtain a resin
(resin A) with various degrees of crosslinking;

5)choosing inorganic functional nanoparticles B selected
from the group consisting of nanosized hydrated ferric
oxides and hydrated manganese oxides; and

using the resin A as a support, loading the inorganic func-
tional nanoparticles B thereon by means of in situ pre-
cipitation between corresponding metallic ions of the
inorganic functional nanoparticles B and a NaOH solu-
tion; the composite nanoabsorbent is therefore obtained.

2. The method for regulating the structure and properties of
the composite nanoabsorbent as defined in claim 1, wherein
the composite nanoabsorbent of various absorption capacities
and absorption speed is prepared through regulation of a pore
structure, said regulation of the pore structure of the nanoab-
sorbent is performed via crosslinking reactions by heating
chloromethylated polystyrene-divinylbenzene beads under
existence of nitrobenzene and ZnCl,; wherein changing pro-
portions of the chloromethylated polystyrene-divinylbenzene
beads, nitrobenzene, ZnCl, , modes of heating and reaction
time, results in resin A having a degree of crosslinking of
8-60% and a specific surface area of 50-1200m?*/g.

3. The method for regulating the structure and properties of
the composite nanoabsorbent as defined in claim 2, wherein
the mixture of chloromethylated beads and nitrobenzene has
amass-volume ratio of 1:5-1:10; the mixture of chloromethy-
lated beads and ZnCl, has a mass ratio of 2:1-1:10; and the
degree of crosslinking is regulated by changing the propor-
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tions between chloromethylated beads, nitrobenzene and
ZnCl,, the reaction temperature and the reaction time.

4. The method for regulating the structure and properties of
the composite nanoabsorbent as defined in claim 3, further
comprising the step of decreasing the degree of crosslinking
by increasing the mass-volume ratio between chloromethy-
lated beads and nitrobenzene, while the mass ratio of the
chloromethylated beads and ZnCl,, reaction temperature and
reaction time remain unchanged.

5. The method for regulating the structure and properties of
the composite nanoabsorbent as defined in claim 3, further
comprising the step of decreasing the degree of crosslinking
by increasing the mass ratio between chloromethylated beads
and ZnCl,, while the mass-volume ratio of the chloromethy-
lated beads and nitrobenzene, reaction temperature and reac-
tion time remain unchanged.

6. The method for regulating the structure and properties of
the composite nanoabsorbent as defined in claim 3, further
comprising the step of increasing the degree of crosslinking
by increasing the reaction temperature, while the mass-vol-
ume ratio of the chloromethylated beads and nitrobenzene,
mass ratio between chloromethylated beads and ZnCl,, and
reaction time remain unchanged.

7. The method for regulating the structure and properties of
the composite nanoabsorbent as defined in claim 3, further
comprising the step of increasing the degree of crosslinking
by increasing the reaction time, while the mass-volume ratio
of the chloromethvlated beads and nitrobenzene, mass ratio
between chloromethylated beads and ZnCl,, and reaction
temperature remain unchanged.

8. The method for regulating the structure and properties of
the composite nanoabsorbent as defined in claim 3, wherein
the degree of crosslinking of resin A is 8% -60% ; the pore
structure has an average pore size of 1-10nm and 95% to more
than 99% of the inorganic functional nanoparticles B are
0.5-8nm in diameter.

9. The method for regulating the structure and properties of
the composite nanoabsorbent as defined in claim 2, wherein
the choice of inorganic functional nanoparticles B is deter-
mined in relation to a target pollutant selected from the group
consisting of arsenic, stibium, lead, zinc and cadmium.

10. A method for regulating the structure and properties of
a composite nanoabsorbent, comprising:

1)providing nanoporous chloromethylated polystyrene-di-

vinylbenzene;
2)mixing a solution of the chloromethylated polystyrene-
divinylbenzene beads, nitrobenzene and zinc chloride
(ZnCl,) together, agitating the mixture and simulta-
neously heating the mixture at a rate of 2° C./min in an
oil bath until the reaction temperature reaches 90-200°
C., and keeping the reaction temperature constant for a
reaction time of 1-8 hours;
3)naturally cooling off the mixture after heating the mix-
ture and keeping the reaction temperature constant, and
taking out the material so obtained and washing the
material successively with ethanol and water until an
effluent turns neutral, then extracting the material with
absolute ethanol for 5 hours;
4)drying the extracted material at 60° C. to obtain a resin
(resin A) with various degrees of crosslinking;

5)choosing inorganic functional nanoparticles B selected
from the group consisting of nanosized hydrated ferric
oxides and hydrated manganese oxides; and

6)using the resin A as a support, loading the inorganic

functional nanoparticles B thereon by means of in situ
precipitation between corresponding metallic ions ofthe
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inorganic functional nanoparticles B and a NaOH solu-
tion; the composite nanoabsorbent is therefore obtained.

11. The method for regulating the structure and properties
of the composite nanoabsorbent as defined in claim 10,
wherein the composite nanoabsorbent of various absorption
capacities and absorption speed is prepared through regula-
tion of a pore structure, said regulation of the pore structure of
the nanoabsorbent is performed via crosslinking reactions by
heating chloromethylated polystyrene-divinylbenzene beads
under existence of nitrobenzene and ZnCl,; wherein chang-
ing proportions of the chloromethylated polystyrene-divinyl-
benzene beads, nitrobenzene, ZnCl, , modes of heating and
reaction time, results in resin A having a degree of crosslink-
ing of 8-60% and a specific surface area of 20-1200m*/g.

12. The method for regulating the structure and properties
of the composite nanoabsorbent as defined in claim 11,
wherein the mixture of chloromethylated beads and nitroben-
zene has a mass-volume ratio of 1:5-1:10; the mixture of
chloromethylated beads and ZnCl, has a mass ratio of 2:1-1:
10; and the degree of crosslinking is regulated by changing
the proportions between chloromethylated beads, nitroben-
zene and ZnCl,, the reaction temperature and the reaction
time.

13. The method for regulating the structure and properties
of the composite nanoabsorbent as defined in claim 12, fur-
ther comprising the step of decreasing the degree of crosslink-
ing by increasing the mass-volume ratio between chlorom-
ethylated beads and nitrobenzene, while the mass ratio of the
chloromethylated beads and ZnCl,, reaction temperature and
reaction time remain unchanged.

14. The method for regulating the structure and properties
of the composite nanoabsorbent as defined in claim 12, fur-
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ther comprising the step of decreasing the degree of crosslink-
ing by increasing the mass ratio between chloromethylated
beads and ZnCl,, while the mass-volume ratio of the chlo-
romethvlated beads and nitrobenzene, reaction temperature
and reaction time remain unchanged.

15. The method for regulating the structure and properties
of the composite nanoabsorbent as defined in claim 12, fur-
ther comprising the step of increasing the degree of crosslink-
ing by increasing the reaction temperature, while the mass-
volume ratio of the chloromethvlated beads and
nitrobenzene, mass ratio between chloromethvlated beads
and ZnCl,, and reaction time remain unchanged.

16. The method for regulating the structure and properties
of the composite nanoabsorbent as defined in claim 12, fur-
ther comprising the step of increasing the degree of crosslink-
ing by increasing the reaction time, while the mass-volume
ratio of the chloromethylated beads and nitrobenzene, mass
ratio between chloromethylated beads and ZnCl,, and reac-
tion temperature remain unchanged.

17. The method for regulating the structure and properties
of the composite nanoabsorbent as defined in claim 12,
wherein the degree of crosslinking of resin A is 8% -60% ; the
pore structure has an average pore size of 1-10nm and 95% to
more than 99% of the inorganic functional nanoparticles B
are 0.5-8nm in diameter.

18. The method for regulating the structure and properties
of the composite nanoabsorbent as defined in claim 11,
wherein the choice of inorganic functional nanoparticles B is
determined in relation to a target pollutant selected from the
group consisting of arsenic, stibium, lead, zinc and cadmium.
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